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This  report  documents  the  work  performed  during  tl^e  third^^year  of  a  multi-year 
project  aimed  at  understanding  the  physical  and  mechanical  characteristics  of 
a  typical  nylon  obturator  band  as  it  reacts  to  the  balloting  (wobbling)  motion 
of  a  projectile  traveling  down  a  gun  barrel.  In  particular,  the  resisting  or 
foundation  moment  generated  by  the  nylon  obturator  as  the  projectile  cocks  in 
bore  were  investigated.  Past  year's  efforts  have  centered  upon  gaining  an 
understanding  of  the  basic  mechanics  of  this  type  of  motion,  and  have  been 
constrained  to  one  projectile/band  geometry. 
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I  20.  Abstract  (cont ' d ) 

This  year,  we  were  able  to  extend  the  experiments  and  analysis  to  different 
band  geometries.  In  particular,  we  were  able  to  model  a  geometry  very  similar 
to  the  obturator  of  the  current  120nim  APFSDS  projectile.  Results  from  the 
experiments  and  analysis  show  that,  although  the  foundation  moment  of  a  band 
with  this  geometry  is  less  than  that  of  a  straight  band,  the  moment  is  still 
large.  The  conclusion  has  been  made  in  past  years  that  the  foundation  moment 
is  probably  the  dominant  force  on  the  projectile  early  in  the  ballistic 
cycle.  The  current  work  substantiates  this  result,  and  extends  it  to  include 
representative  geometries  for  projectile  obturator  bands. 

One  of  the  conclusions  from  the  work  done  last  year  to  estimate  foundation 
moment  was  that  the  non-linear  material  behavior  of  the  nylon  band  was  very 
important  to  that  estimation.  Therefore,  this  year's  work  included  the 
measurement  of  the  mechanical  properties  of  the  nylon  materials  under  quasi¬ 
static  conditions  and  simulated  ballistic  loading  conditions.'.  These  prop¬ 
erties  were  then  included  in  the  analytical  estimation  of  the  foundation 
moment.  A  companion  report,  titled  "Evaluation  of  the  Deformation  Behavior  of 
Nylon  Materials  Used  in  Ballistic  Applications,"  was  generated  within  the 
funding  for  the  foundation  moment  project.  The  results  of  that  study  are 
appropriate  to  a  wider  range  of  applications  than  the  results  of  just  the 
foundation  moment  study,  and  as  such  are  reported  separately. 
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INTRODUCTION 


This  document  reports  the  results  of  the  third  year  of  an  ongoirui  study 
conducted  at  the  Pacific  Northwest  laboratory  under  the  sponsorship  of  the  U. 

S.  Army  Ballistic  Research  Laboratory.  The  purpose  of  the  study  has  been  to 
investigate  and  characterise  the  restoring  or  foundation  moment  generated  by 
the  nylon  obturating  or  rotating  band  of  a  single  bore  contact  projectile 
undergoing  balloting  (wobbling)  motion.  The  inherent  transverse  stability  of 
the  projectile  is  directly  affected  by  the  magnitude  of  this  moment.  As  such, 
tt)o  design  of  a  single  bore  contact  projectile  (or  for  that  matter  any 
projectile  with  a  large  obturator  or  rotating  band)  will  be  directly  affected 
by  the  results  of  this  project. 

The  major  conclusion  reached  from  the  first  two  years  of  this  project  was  that 
the  foundation  moment  is  indeed  large.  The  magnitude  of  the  moment  is  similar 
in  magnitude  to  the  upsetting  moment  that  exists  at  a  projectile's  maximum 
acceleration,  if  the  center  of  gravity  of  a  projectile  is  approximately  two 
thirds  of  a  caliber  behind  the  center  of  rotation  of  the  projectile.  Indeed, 
e;arly  in  the  ballistic  cycle,  before  the  projectile  reaches  iiiaxiinum  accel¬ 
eration  and  base  pressure,  the  foundation  moment  is  most  probably  the  dominant 
force  on  the  projectile.  This  means  that  a  projectile  with  its  center  of 
gravity  located  axially  at  approximately  the  center  of  transverse  rotation 
could  be  designed  to  be  inherently  stable  during  launch. 

Another  conclusion  reached  from  the  second  year's  effort  was  that  it  is  very 
possible  that  the  finite  element  method  may  not  ultimately  be  the  best  design 
tool  for  modelling  the  projectile's  response  to  transverse  motion.  This  is 
rot  to  say  that  it  is  the  wrong  tool  for  this  work,  just  that  further  develop¬ 
ment  of  such  a  tool  is  required  before  it  becomes  cost  effective.  The  finite 
element  method  is,  today,  the  only  such  tool  avai'lable  to  the  sabot  designer. 
Certainly,  the  material  non-linearities  of  the  nylons  commonly  used  for 
obturator  bands  would  have  to  be  taken  into  account  in  any  such  analysis. 
Modelling  the  material  as  linear  proved  to  overestimate  the  foundation  moment 
by  a  significant  amount.  In  most  cases  this  overestimation  was  more  than 
twice  the  measured  moment. 

Several  factors  influencing  this  estimation  were  discussed  in  the  report  last 
year  including  material  non-linearities,  circumferential  mesh  refinement  of 
the  finite  element  models,  and  boundary  condition  modelling.  In  this  year's 
work,  the  circumferential  element  size  was  more  refined,  and  non-linear 
material  properties  were  used  in  the  analysis.  These  analytical  results  match 
more  closely  the  experimental  results  obtained  from  this  year  and  last  year, 
but  are  still  quite  high.  This  is  evidently  due  to  the  difficulty  in  precise¬ 
ly  specifying  boundary  conditions  for  the  finite  element  models.  Whether  or 
not  all  of  the  obturator  or  rotating  band  will  be  in  contact  with  the  gun 
barrel  at  all  times  is  still  in  question.  Certainly,  in  our  low  pressure 
tests,  all  of  the  band  is  not  in  contact  at  all  times.  In  an  actual  gun 
firing,  the  pressures  are  considerably  higher,  and  quite  probably  the  entire 
obturator  band  would  be  in  contact  with  the  gun  barrel  at  all  times. 


This  is  the  nature;  of  the  boundary  condition  modeninc)  problem,  and  why  it  is 
difficult  to  precisely  know  how  to  specify  a  consistent  sot  of  boundary 
conditions  for  the  finite  element  analysis. 

A  large  question  still  remains,  as  stated  above,  about  the  efficacy  of  the 
finite  element  method  for  estimation  of  foundation  moment.  The  problem  size 
and  required  computer  time  to  perform  a  full  three  dimensional  non-linear 
analysis  of  a  complete?  projectile  may  be  prohibitive.  The  model  projectiles 
analyzed  and  tested  in  this  project  have  been  very  simple  in  geometry,  and  all 
of  one  material.  Traditional  APFSDS  pv'ojectiles  are  considerably  more 
complex,  and  would  require  a  much  larger  model  and  correspondingly  more 
expensive  analysis  to  estimate  the  potential  foundation  moment.  A  very 
exhaustive  study  of  alternatives  to  the  finite  element  method  for  this  estima¬ 
tion  should  be  made  before  BRL  adopts  the  method  for  this  particular  applica¬ 
tion.  This  is  being  done  to  some  extent  already  with  ongoing  work  at  BRL. 


in 


I'XPrRlMKNT/M  APPARATUS  AND  itCHNIQUliS 

•  n-i  1 1  ii'i'.n'.itus  ^  shown  in  I'icjure  1,  is  thi*  sAino  <is  was  used  last. 

Uh;  Oi'njf'cti  le  lounchinq  device  showti  in  Piqure  1  was  consteuotod 
:  ;  r(n'ioiis  year  and  the  reador  is  referred  to  the  report  for  last 

'or  .!  rr.i'i-leLc  cli'srri ptioo  of  the  devico.  The  following  description  is 

.■  .  ’vo,  lo  tiie  roar  of  tho  projectile  (to  the  left  in  I- inure  1)  is  a 

r:  ■  ittch  dic'i'itfer  scliodiile  -'iO  steel  pipe  with  a  domed  pressure  cap  at 

'r*t  e"r!  .It'd  a  flaiuje  at  its  right  end.  This  flange  is  mated  with  an 
vir  ,"  '  '  moo  welded  to  Ll)e  breech  end  of  a  section  of  gun  barrel  centa in¬ 
i',-  ti's'  projectile,  f  ramp-like  deflection  induction/nioment  measurement 
r  ir  placed  i I.  the  gun  barrel  after  the  projectile  is  forced  into  the 
:  M  p  n  M  ■  r,  (  *  ^  This  ramp-like  device  resides  behind  the  nylon  band  on  the 
rr  t/‘'  the  Y'roioc tile,  and  in  front  of  a  faceted  end  plate  on  the  rear  of 
I’rr  '  ('(  tile. 

j.r"Ciurc  rocoivor  tank  is  bolted  onto  the  rear  of  the  gun  barrel,  and 
.  r.^s'iiire  is  oppl  ied  to  the  receiver.  This  gas  pressure  (we  use  a  nitrogen 
Ir'  M.'ilds  up  hohind  the  projectile,  causing  the  static  friction  of  the 
"  irind  to  I'c  overcome,  and  the  projectile  accelerates  down  the  gun  barK.'l. 

,  '  !ii(s  in  the  faceted  plate  attached  to  the  rear  of  the  projectile  being 

'  r*'  tho  top  of  the  raiiip. 

•■.icpted  end  plate  which  is  attached  to  the  projectile  is  machined  very 
is.'ly,  with  the  facets  at  precisely  measured  distances  from  the  center  of 
! ijG  tlvjs  can  be  placed  on  the  projectile  in  such  a  mann'er  as 

Inown' clef  lection  to  the' rear  of  the  projectile  as  the  projectile  is 
.f!'  !o  ride  ever  the  ramp.  There  is  a  rod  under  the  ramp  in  the  gun  barrel 
li  c'os  through  an  airtight  fitting  and  actuates  a  pieroelectric  force 
,-..:u--cf  P'ounted  beneath  the  gun  barrel.  This  force  transducer  is  used  to 
Pir*.-  (ho  force  reouired  for  the  projectile  to  be  deflected  by  the  known 
intdf'serihed  above.  The  Output  from  this  force  transducer  is  recorded 
I'  a  Micolet  Pigital  Oscilloscope.  This  output,  taken  with  the  known 
Uici.on  qives  us  the  foundation  moment  for  a  specific  angular  disturbance. 
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Ilir  .^hovG  is  o(Min  a  simplified  discussion  of  the  experimental  apparati.r.  rr  I 
{echnicitio  used  for  this  year's  work,  but  it  dcscrihos  the  key  reanires  lii  '*-■ 
systeii!  and  tlto  riuantitios  measured.  Ihe  main  parameter  invest i(ja i i^d  (rr  ■ 
vear's  f.ostiny  was  the  yeometry  of  the  band  itself.  The  tests  f>'oin  Itio 
liv'cvioiis  year  gave  us  a  good  indication  of  1;ho  magnitude  of  the  toundari'r 
;soi:ieiit  for  a  single  band  geometry,  hut  were  not  representative  of  the 
o'-  a  typical  APl'SDS  projectile,  as  described  above. 

'■  inure  Is  a  schematic  of  the  four  band  geometries  tested  this  year, 
band  identified  as  Band  A  in  the  figure  is  a  replica  of  the  bands  used  "nr 
<’irst  two  years  of  testing.  This  band  ms  used  to  verify  the  cxperiiDL'nl .h  1 
apparatus  and  techniques,  and  was  used  as  a  control  in  the  experiments.  The 
second  two  bands,  B  and  C,  should  be  thought  of  as  transitions  between  the 
or  iginal  hand  geometry  and  what  is  typical  of  the  current  ll’Cmm  AIM-SDS 
obtLirator  hand.  The  fourth  band,  band  D,  is  very  similar  to  the  currenl  l.-Oi! 
obturator.  Each  of  the  bands  was  machined  with  approximately  a  10  mil  intei 
'erence  between  the  outer  diameter  of  the  b..nd  and  the  inner  diameter  of  rb.- 
err-  barrel  surface.  This  was  done  in  an  attempt  to  keep  as  much  of  the  b.oid 
’o  contact  with  the  gun  bar'rtl  as  possible.  The  pnr'tions  of  the  band  which 
lose  contoct  with  the  gun  barrel  surface  are  no  longer  providing  a  foimdai i  . 
and  therefore  do  not  contribute  to  the  foundation  moment.  The  analysis  th<>t 
has  been  performed  using  the  material  properties  of  the  nylon  bands  assomos 
"ull  contact  with  the  gun  barrel  at  all  times.  This  is  most  probably  <hr  i.i- 
in  an  actual  gun  firing,  but  not  necessarily  the  case  with  our  tests. 

As  stated  above,  a  Nicolet  Digital  Oscilloscope  was  used  to  record  the  ou'pu; 
trom  the  Kistler  Load  Washer  mounted  below  the  ramp  device.  This  year,  ar 
oscilloscope  with  a  floppy  disk  drive  was  available  for  the  testing.  There- 
''ore,  all  of  the  tests  for  which  data  was  captured  were  recorded  on  the 
disk,  and  subsequently  plotted.  An  appendix  of  this  report  contains  tl'c 
output  plots  for  each  of  the  recorded  events.  Also  this  year  it  was 
discovoroc'  that  the  temperature  of  the  assembly  had  a  significant  effect  iii'- 
the-  outcome  of  the  tests.  If  we  ran  the  tests  in  the  afternoon  on  a  hoi  d.i  ■. 
the  magnitude  of  the  tested  foundation  moment  would  be  considerably  less  tin.' 
if  the  tests  were  run  in  the  morning,  when  the  assembly  was  cooler.  Wr 
decided  that  this  was  most  probably  duo  to  the  expansion  of  the  gun  b.int  i 
itself,  05  the  projectiles  were  stored  inside  a  heated  office,  and  their 
temperature  did  not  vary.  Once  this  effect  was  discovered,  the  rest  o'"  i  .. 
tests  wore  run  before  9:00a. m,  in  an  attempt  to  provide  consistency  in  I'u 
^■est.  results,  and  to  minimi;:o  the  effect  of  the  band  losing  contact  wilt  '' 

(iun  barrel. 


TEST  RESULTS 


A  total  of  twenty  bands  were  manufactured  for  this  year's  testing,  five  of 
each  design.  The  bands  were  manufactured  with  a  nominal  0.01  inch  (.25mm) 
interference  between  the  outer  diameter  of  the  band  and  the  interior  gun  bore 
diameter,  as  stated  before.  Some  of  the  bands  had  less  than  this  amount  of 
interference.  It  was  originally  our  intention  to  have  a  somewhat  larger 
interference  this  year  than  the  10  mils  used  last  year.  A  lack  of  correct 
communication  between  the  researchers  and  the  machine  shop  resulted  in  incon¬ 
sistent  band  diameters.  This  is  one  of  the  realities  in  which  any  experi¬ 
mental  program  must  live.  A  table  with  band  diameter  measurements  before  and 
after  tests  is  included  as  an  appendix  to  this  report.  These  measurements  are 
only  approximated,  and  do  not  seem  to  correlate  to  measured  foundation  moment. 

Of  these  twenty  bands,  reliable  data  were  collected  for  sixteen  (16)  tests. 

Band  design  A  (the  band  like  last  year's  band)  had  the  least  number  of 
successful  tests,  with  only  two  reliable  data  points  (one  of  the  unreliable 
data  points  saturated  the  scope,  with  a  reading  of  more  than  5000  pounds 
force).  Most  of  the  other  tests  provided  reliable  data,  with  the  exception  of 
test  2-C  (test  2  with  the  C  band),  in  which  the  scope  triggered  before  the 
firing  event.  A  re-setting  of  the  triggering  level  solved  this  problem,  and 
the  rest  of  the  tests  provided  good  data. 

Another  problem  that  we  had  initially  was  that  of  loading  the  projectiles  into 
the  gun  barrel.  After  the  first  test,  in  which  more  than  600  psi  was  required 
to  fire  the  projectile,  we  applied  some  silicone  lubricant  to  the  inside  of 
the  gun  barrel,  and  the  projectiles  loaded  much  more  easily.  It  also  required 
significantly  less  gas  pressure  to  fire  the  projectiles  with  the  lubricatior. 
With  a  lubricated  barrel,  a  third  of  the  gas  pressure,  or  only  about  200  psi, 
was  required  to  fire  the  projectiles.  The  muzzle  end  of  the  gun  barrel  also 
required  some  lubrication,  as  some  of  the  projectiles  stuck  in  the  barrel 
during  the  tests,  especially  with  the  reduced  firing  pressure.  This  lubrica¬ 
tion  of  the  gun  barrel  did  not  seem  to  have  an  effect  on  the  measured  moment 
however,  as  the  magnitude  of  the  moment  from  Band  A  with  a  lubricated  barrel 
Vvar.  very  similar  to  the  magnitude  of  the  measurements  taken  last  year  in  which 
there  was  no  lubrication.  It  seems  that  friction  plays  only  a  very  small  role 
if  any  in  the  foundation  moment.  This  result  is  consistent  with  some  findirns 
from  the  first  year  of  this  project,  and  the  fact  that  the  sliding  friction 
coefficient  of  nylon  against  steel  is  nearly  negligible. 

The  raw  data  output  from  the  20  tests  is  shown  in  Table  1.  Each  of  these 
tests  was  run  at  ar  input  displacement  of  approximately  0.09  inches  (2.3mm). 
Note  that  Table  1  also  includes  some  additional  notes  about  each  of  the  tests, 
and  which  of  the  projectiles  stuck  in  the  gun  barrel.  Table  2  is  a  reduction 
of  the  data  presented  in  Table  1  which  gives  the  average  force  for  each  of  the 
bands,  and  the  foundation  moment  associated  with  that  force.  Note  tliat  the 
test  output  seems  to  indicate  that  bands  B  and  C  would  provide  higher  founda¬ 
tion  moment  than  band  A.  The  failures  of  three  of  the  band  A  tests  to  provide 
reliable  output  prooably  can  account  for  this  discrepancy.  Test  3-A  is 
included  in  the  average  below,  as  5000  pounds.  The  actual  force  which  was 
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TABLE  2.  Test  Result  Averages 


Band 

Measured  Force 

Foundation  Moment 

A 

4430  pounds 

22,150  in-lb 

B 

4970  pounds 

24,850  in-lb 

C 

5160  pounds 

25,800  in-lb 

D 

2410  pounds 

12,050  in-lb 

exerted  on  the  ramp  for  test  3-A  is  unknown,  but  it  was  at  least  5000  pounds 
This  will  necessarily  bring  down  the  average  force  for  band  A.  The  differ¬ 
ences  between  bands  A,  B,  and  C,  are  therefore  not  significant,  and  are  in 
fact  rot  statistically  significant,  because  of  the  low  number  of  successful 
tests.  It  is,  however,  important  to  note  the  differences  between  the  first 
three  bands  and  band  D.  Band  0  provided  only  about  half  of  the  foundation 
moment  of  the  three  previous  bands-  In  the  analysis  work  that  was  done  to 
model  these  three  bands  (to  be  discussed  in  the  following  section  of  this 
report),  we  obtained  a  similar  difference  in  the  potential  foundation  moineni: 
This  is  an  important  result  in  that  it  could  give  credence  to  the  finite 
elen^ent  method  as  a  ranking  tool  for  several  different  rotating  band  designs 


ANALYSIS  OF  THREE  OF  THE  FOUR  BAND  GEOMETRIES 


Finite  element  computations  were  made  using  three  of  the  four  band  geometries. 
Figures  3,  4,  and  5  show  hidden  line  views  of  the  three  dimensional  models 
used  for  the  finite  element  work.  In  all  cases,  the  finite  element  program 
ANSYS(*)  was  used  for  the  computations.  Figure  3  is  the  model  used  to  esti¬ 
mate  the  foundation  moment  for  Band  A.  Figures  4  and  5  are  representative  of 
Bands  C  and  D,  respectively.  The  model  shown  in  Figure  3  is  very  similar  to 
what  was  used  for  the  three  dimensional  analysis  last  year.  It  is,  in  fact, 
the  same  general  model,  with  a  circumferential  mesh  refinement,  and  some 
slight  changes  in  the  band  area.  The  models  represented  by  Figures  4  and  5 
are  somewhat  different.  The  data  storage  requirements  of  the  model 
represented  by  Figure  3  were  very  large.  In  an  attempt  to  reduce  the  sizes  of 
the  required  data  files,  the  interior  portion  of  the  aluminum  was  modelled  by 
significantly  fewer  elements.  Even  with  this  reduction  in  the  number  of 
elements,  the  analyses  using  the  meshes  shown  in  Figures  4  and  5  required  some 
60  megabytes  of  free  disk  space  on  an  APOLLO  DN420(*)  computer.  This  is  a 
significant  expenditure  of  disk  resource,  and  one  not  to  be  taken  lightly. 
Allocating  that  much  space  to  a  single  problem  on  the  computer  posed  a  signif¬ 
icant  burden  on  other  users  of  the  system,  and  could  only  be  accomplished  with 
the  cooperation  of  all  users. 

The  finite  element  computations  this  year  differed  from  the  three  dimensional 
calculations  performed  last  year  in  two  major  respects.  First,  there  were 
three  different  geometries  analyzed  this  year  rather  than  the  single  geometry 
used  last  year.  Secondly,  non-linear  properties  were  used  for  the  nylon  bands 
in  this  year's  analysis.  The  properties  of  the  band  material  were  assessed  as 
a  portion  of  this  project,  but  are  reported  separately,  as  stated  in  the 
introduction  to  this  report.  Figure  6  is  a  representative  stress-strain  curve 
for  the  nylon  material,  and  is  the  one  used  for  the  analysis  performed  this 
year.  Using  this  material  curve  made  the  analysis  non-linear,  with  an  attefi- 
dant  increase  in  the  run  times  and  complexity  of  the  analysis. 

Table  4  presents  the  results  of  the  analysis  performed  this  year.  There  were 
two  different  input  displacements  used  for  each  of  the  three  models,  0.1 
inches  (2.5  mm)  and  0.3  inches  (7.6  mm).  The  tests  which  were  run  to  deter¬ 
mine  foundation  moment  used  an  input  displacement  of  0.09  inches  (2.3  mm),  and 
therefore  should  be  compared  to  the  0.1  inch  analysis  results.  The  results  of 
the  analysis  predict  a  foundation  moment  roughly  twice  that  tested.  This  is 
the  result  of  our  inability  to  accurately  predict  the  boundary  conditions  at 
the  band  to  gun  bore  interface.  It  is  evident  that  a  good  portion  of  the 
nylon  band  loses  contact  with  the  gun  barrel  inner  surface  during  the  input  of 
the  angular  disturbance  in  the  tesL  Even  with  a  fairly  large  interference 
(approximately  10  mils  or  .25  mm)  between  the  gun  bore  and  the  outer  diameter 
of  the  band,  there  is  still  significant  loss  of  contact.  This  is  the  nature 
of  the  experimental  apparatus,  and 


*  ANSYS  is  a  proprietary  Engineering  Analysis  computer  program  owned, 
distributed,  and  supported  by  Swanson  Analysis,  Inc.,  Houston,  PA. 

*  APOLLO  Computer,  15  Elizabeth  Road,  Chelmsford,  MA.  DN420  model  is 
a  monochrome  workstation  computer  system. 


17 


w  - 


‘VS  ‘V«  *  V.^  ‘A  •'<;A  JN  rv*  ••-M'‘-‘  ■  -  ,  ^  1 


(■=•1  ■  W  ‘  ■-  w  •  •  •  V  ‘- 


FIGURE  6.  Nylon  Stress-Strain  Curve 

very  little  can  be  done  to  alleviate  the  problem.  The  bands  can  bo  machined 
with  a  isroer  interference,  but  this  poses  problems  in  loading  and  firing  the 
projectiles.  The  hydraulic  ram  that  is  used  to  load  the  projectiles  is 
limited  to  9  tons  of  »um  force.  We  use  approximately  half  of  the  capacity  of 
the  ram  to  insert  the  projectiles  which  have  a  10  mil  (.25  mm)  interference. 
Last  year  we  attempted  to  load  a  projectile  with  a  30  mil  (.75mm)  interfer¬ 
ence,  and  were  unsuccessful. 


Band  Geometry 
Straight  (band  A) 
V-band  (band  C) 
V-notch  (band  0) 


TABLE  3.  Finite  Element  Results 


Force  for  .1  inch  deflection 
13,000  pounds  (5900  kg) 
11,400  pounds  (5180  kp) 
6,340  pounds  (2880  kg) 


.3  inch  deflection 
27,500  pounds  (12500  kcj) 
22,800  pounds  (10400  kg) 
15,300  pounds  (6950  kg) 


It  is  clear  that  the  boundary  conditions  of  the  test  and  the  analysis  are 
different.  We  used  material  properties  assessed  from  the  material  used  to 
construct  the  bands.  The  finite  element  results  follow  the  pattern  of  past 
analysis,  and  show  a  characteristic  drop  in  magnitude  because  of  the  yielding 
of  the  nylon  band  material.  The  only  major  discernible  differences  between 
analysis  and  test,  therefore,  are  the  boundary  conditions  which  should  be 
applied  to  the  models.  These  differences  arise  in  two  forms.  First,  we  do 
not  know  precisely  the  magnitude  of  tlie  input  angular  disturbance.  The  facet 
used  will  give  nominally  a  0.09  inch  (2.3  mm)  deflection  to  the  rear  of  the 


21 


projectile.  This  is  if  the  projectile  is  centered  correctly  in  the  gun 
barrel,  and  if  the  projectile  is  made  correctly  (i.  e.  straight).  This 
difference  should  show  up  in  differences  between  tests.  There  are  some 
differences  between  the  results  of  the  tests,  but  they  are  consistent  enough 
that  this  difference  should  be  small.  The  magnitude  repjrted  is  also  the 
average  of  several  tests,  and  therefore  should  be  fairly  free  of  defects  in 
the  manufacture  of  the  projectile  or  bands,  or  of  the  differences  in  loading 
of  the  projectiles.  The  second  form  of  difference  is  the  fact  that  some  of 
the  band  will  lose  contact  with  the  gun  barrel  during  the  test,  as  stated 
above.  To  assess  the  magnitude  of  this  phenomenon,  we  must  look  at  the 
geometry  of  the  band  to  gun  barrel  interface  during  the  input  angular  distur¬ 
bance.  Figure  7  is  the  triangle  which  is  made  between  the  gun  barrel  and  the 
projectile  band  at  the  barrel  to  band  interface.  For  an  input  disturbance  at 
the  rear  of  the  projectile  of  0.1  inches  (2.5  mm),  the  length  of  the  shortest 
side  cf  the  triangle  in  Figure  7  is  about  40  mils  (1.0  mm).  As  stated  above, 
it  is  beyond  the  physical  limitations  of  our  ram  to  load  a  projectile  with 
this  magnitude  of  interference. 


GUN  BARREL 


FIGURE  7.  Geometry  of  Barrel/Band  Interface  During  Angular  Disturbance 
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CONCLUSIONS  AND  RECOMMENDATIONS  l-OR  FUTURE  WORK 


The  major  conclusion  which  can  be  drawn  from  the  first  three  years  of  this 
project  is  that  the  foundation  moment  is  indeed  large.  In  past  years  it  has 
been  estimated  to  be  approximately  equal  in  magnitude  to  the  overturning 
moment  generated  by  having  the  center  of  gravity  two  thirds  of  a  caliber 
behind  the  center  of  transverse  rotation  at  maximum  launch  acceleration. 

Early  in  the  ballistic  cycle,  when  acceleration  loads  are  relatively  small, 
the  foundation  moment  is  probably  the  dominant  transverse  force  on  the 
projectile.  The  conclusion  reached  from  the  test  and  analysis  performed  this 
year  has  proved  to  further  substantiate  this  result,  and  has  extended  it  to 
the  geometries  characteristic  of  current  APFSDS  projectiles.  The  foundation 
moment  measured  using  this  newer  geometry  was  approximately  half  that  measured 
using  the  bands  from  previous  years.  However,  it  is  not  clear  that  the  tests 
are  entirely  characteristic  of  an  actual  gun  firing.  In  any  case,  the  test 
results  still  indicate  that  the  foundation  moment  is  still  most  probably  the 
dominant  force  on  a  single  bore  contact  projectile  early  in  the  ballistic 
cycle. 

Another  conclusion  which  can  be  reached  from  the  work  done  in  the  past  three 
years  is  that  the  reaction  of  any  projectile  to  force  disturbances  in  the  gun 
barrel  will  indeed  be  complex  and  non-linear.  The  interior  ballistic  environ¬ 
ment  is  extremely  violent,  and  of  very  short  duration.  Common  engineering 
assumptions  are  not  necessarily  valid  in  such  an  environment.  Performing 
finite  element  structural  computations  on  even  our  relatively  simple  test 
apparatus  and  projectile  has  proven  to  be  complex  and  not  without  significant 
difficulties . 

The  measurement  of  the  foundation  moment  has  progressed  about  as  tar  as  is 
practical  in  light  of  the  results  to  date,  and  the  limited  funding  available 
at  BRL  for  this  work.  What  has  not  been  estimated  to  date  is  the  potential 
for  the  nylon  band  to  damp  transverse  oscillations  of  the  projectile.  To 
begin  to  write  equations  of  motion  for  the  projectile  in  the  gun  barrel,  we 
must  know  something  about  damping.  The  work  which  has  been  proposed  as  a 
continuation  of  the  foundation  moment  project  is  intended  to  measure  damping 
of  the  projectile  in  the  gun  barrel.  After  the  damping  has  been  measured,  we 
will  at  least  be  able  to  write  a  set  of  equations  of  motion  for  the  projectile 
in  the  test  apparatus.  This  information  should  feed  directly  into  work 
currently  being  funded  by  BRL  to  attempt  to  write  the  complete  set  of 
equations  of  motion  for  a  projectile  in  the  interior  ballistic  environment. 


APPENDIX  A 


OSCILLOSCOPE  TRACES  FOR  TESTS  WITH  GOOD  DATA 
AND  BAND  MEASUREMENTS  BfEORE  AND  AFTER  TESTS 

The  followitKi  pages  contain  plot?  of  the  stored  osci11os(;o()e  traces  For  each 
of  the  tests  which  produced  data.  ATI  of  the  traces  have  a  characteristic 
shape  witli  the  projectile  riding  up  the  ramp,  and  then  precipitously  falling 
off  of  the  ramp.  Note  that  in  every  instance  the  force  riding  up  the  ramp  is 
non-linear  with  time,  and  that  the  curve  is  bowed  outwards.  If  the  relation¬ 
ship  between  angular  disturbance  and  foundation  moment  were  linear,  this  curve 
should  be  bowed  upwards.  The  effect  that  we  witness  in  these  plots  is  most 
probably  a  combination  of  the  yielding  of  the  nylon  band  and  the  geometric 
non-linearity  of  the  band/gun  bore  interaction.  It  should  be  also  noted  that 
each  test  had  a  different  time  duration  for  the  projectile  ride  up  the  ramp. 
The  time  recorded  for  the  shoi'test  event  was  approximately  6  milliseconds, 
whereas  the  longest  event  took  nearly  70  milliseconds.  This  is  more  than  an 
order  of  magnitude  difference  in  the  ramp  contact  time.  The  differences  in 
contact  tinm  correlate  only  with  the  pressure  required  to  fire  the 
projectiles,  and  not  the  ultimate  magnitude  of  the  foundation  moment  itself, 
and  are  therefore  not  deemed  significant. 

Tire  oscilloscope  traces  are  labelled  according  to  the  test  number  shown  in 
Table  1  of  the  main  report.  That  is,  Spec  4  is  specimen  4  or  band  number  A-4. 

The  last  page  of  this  appendix  contains  the  band  measurements  both  before  and 
after  the  tests.  The  measurements  are  approximate,  in  that  they  were  taken 
with  a  hand-held  caliper-.  The  measurements  do  show  one  problem  with  the 
(xperiment,  however,  ii:  that  they  are  inconsistent,  and  do  not  seem  to  corre¬ 
late  with  the  measured  foundation  moment.  It  would  seem  that  a  band  with  a 
greater  interference  would  have  a  larger  foundation  moment,  but  that  does  not 
seem  to  bo  the  case  if  the  measurements  ar'C  taken  at  face  value.  A  plausible 
explanation  of  this  inconsistency,  and  the  one  to  which  we  ascribe,  is  that 
the  measurements  are  not  correct,  and  that  a  more  accurate  measurement  tech¬ 
nique  should  be  used  in  any  future  testing. 


TABLE  A-1 ,  Band  Measurements  Before  and  After  Tests 


Test  Band  II 


Front  Before 


Rear  Before  Front  After 


2 


Rear  After 


5.115 

5.117 

5.116 

5.117 

5.107 

5.105 

5.108 

5.108 

5.112 

5.113 

5.115 

5.116 

5.107 

5.111 

5.108 

5.109 

3-A 

5.113 

5.114 

5.118 

5.114 

5.102 

5.105 

5.105 

5.105 

5.115 

5.111 

5.117 

5.118 

5.110 

5.107 

5.11A 

5.115 

1-B 

5.129 

5.128 

5.125 

5.124 

5.121 

5.121 

5.119 

5.121 

5.123 

5.124 

5.120 

5.123 

5.122 

5.124 

5.123 

5.12? 

5.124 

5.125 

5.125 

5.123 

6.114 

5.112 

5.113 

5.112 

4-B 

5.112 

5.112 

5.112 

5.113 

5.112 

5.114 

5.116 

5.114 

5-B 

5.111 

5.115 

5.114 

5.114 

5.113 

5.114 

5.112 

5.112 

1-C 

5.115 

5.115 

5.110 

5.116 

5.114 

5.114 

5.112 

5.118 

2-C 

5.114 

5.114 

5.116 

5.118 

5.113 

5.115 

5.113 

5.115 

3-C 

5.115 

5.117 

5.113 

5.118 

5.115 

5.115 

5.112 

5.115 

4-C 

6.115 

5.116 

5.117 

5.116 

5.114 

5.116 

5.114 

5.113 

5-C 

5.117 

5.114 

5.112 

5.114 

5.112 

5.113 

5.112 

5.113 

1-D 

5.110 

5.111 

5.107 

5.113 

5.112 

5.100 

5.110 

5.109 

2-0 

5.110 

5.112 

5.112 

5.113 

5.110 

5.113 

5.110 

5.109 

3-D 

5.117 

5.111 

5.112 

5.111 

5.116 

5.113 

5.112 

5.100 

4-0 

5.109 

5.112 

5.110 

5.110 

5.111 

5.112 

5.107 

5.111 

5-0 

5.116 

5.114 

5.113 

5.108 

5.112 

5.112 

5.113 

5.108 

5-A 

5.113 

5.112 

5.108 

5.112 

5.113 

5.113 

5.104 

6.109 

TIME  (msec) 
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J.  Vasllakls 
Watervliet,  NY  12189 

Director 

US  Army  AMCCOM,  ARDC 
Benet  Weapons  Laboratory 
ATTN:  SMCAR-LCB-RA, 

T.  Simkins 
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AMSM1-Y|)L 

Redstone  Arsenal,  Al, 
35898-5500 

I  Director 

OS  Army  Missile  and  Spnc‘‘ 
Intelligence  Center 
ATTN:  AIAMS-YDL 
Redstone  Arsenal,  AL 
35898-5500 


he 


DISTRIBUTION  LIST 


No.  of  No.  of 

Copies  Organization  Copies  Organization 


1  Commandant 

US  Army  Infantry  School 
ATTN:  ATSH-CD-CSO-OR 
Fort  Bennlng,  GA  31905 

2  Commander 

US  Army  Missile  Command 
ATTN:  DRCPM-TO 
DRCPM-HD 

Redstone  Arsenal,  AL  35898 

1  Commander 

US  Army  Mobility  Equipment 
Research  &  Development  Ond 
Fort  Belvoir,  VA  22060 

3  Commander 

US  Army  Tank  Automotive  Ond 
ATTN:  AMSTA-TSL 

AMSTA-ZSA,  R.  Beck 
AMSTA-NS 

Warren,  MI  48397-5000 

1  Commander 

US  Army  Natick  Research 
and  Development  Command 
ATTN:  DRDNA-DT 
Natick,  MA  01762 

1  Director 

US  Army  TRADOC  Systems 
Analysis  Activity 
ATTN:  ATAA-SL 
White  Sands  Missile  Range, 

NM  88002 

2  President 

US  Army  Armor  and  Engineering 
Board 

ATTN:  ATZK-AE-CV 

ATZK-AE-IN,  L.  Smith 
Fort  Knox,  KY  40121 

3  Commander 

US  Army  Research  Office 
ATTN:  R.  Weigle 
E.  Salbel 
J.  Chandra 
P.O.  Box  12211 
Research  Triangle  Park 
NC  27709-2211 

hT 


3  Commander 

US  Army  Research  Office 
P.O.  Box  12211 
ATTN:  Technical  Director 
Engineering  Division 
Metallurgy  &  Materials 
Division 

Research  Triangle  Park, 

NC  27709-2211 

4  Director 

US  Army  Mechanics  and 

Materials  Research  Center 
ATTN:  Director  (3  cys) 
DRXMR-ATL  (1  cy) 
Watertown,  MA  02172 

2  Commander 

US  Army  Materials  and 

Mechanics  Research  Center 
ATTN:  J.  Mescal 1 
Tech.  Library 
Watertown,  MA  02172 

1  Commander 

US  Army  Training  and 
Doctrine  Command 
ATTN;  TRADOC  Lib, 

Fort  Monroe,  VA  23651 

1  Commander 

US  Army  Armor  School 
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